Networks of circadian timekeeping in the brain display marked daily changes in neuronal morphology. In 21 Drosophila melanogaster, the striking daily structural remodeling of the dorsal medial termini of the 22 small ventral lateral neurons has long been hypothesized to mediate endogenous circadian timekeeping.
The proper daily timing of sleep and activity is the product of two processes, endogenous circadian 35 timekeeping and the daily resetting of circadian rhythms to local time (i.e., entrainment) (Roenneberg et 36 al., 2003) . The importance of these two processes for health are made clear by a growing body of 37 evidence that post-industrial light and social environments result in weak and unstable circadian 38 entrainment, leading to a loss of sleep, increased cancer risk, and metabolic derangement (Roenneberg 39 and Merrow, 2016). The master circadian clock, which drives daily rhythms in sleep and activity, resides 40 in small islands of brain tissue (Herzog, 2007) wherein connections among diverse neuron types ensure a 41 robustness in circadian timekeeping that is lacking in peripheral tissues (Hastings et al., 2018) . Such 42 circadian timekeeping networks require inputs from sensory pathways to entrain to daily environmental 43 rhythms (Golombek and Rosenstein, 2010) . Understanding the network properties of circadian 44 timekeeping and entrainment in the brain is a central challenge in chronobiology. ) and their daily structural plasticity is generally assumed to be a mechanism of circadian clock 60 output in the brain (Bosler et al., 2015) . constitutively open/complex termini and in a significant reduction in the percentage of flies able to 96 maintain endogenous circadian rhythms in activity (Sivachenko et al., 2013) . Likewise, the 97 overexpression of the Rho1 GTPase in LNv neurons results in both constitutively simple/closed termini 98 and a significant weakening of locomotor rhythms (Petsakou et al., 2015) . However, manipulations that 99 cause significant morphological changes in the dorsal termini but nevertheless fail to alter free-running 100 circadian rhythms or clock outputs have also been reported (Cusumano et 
104
Here we take advantage of the genetic malleability and relative simplicity of the Drosophila clock neuron 105 network to examine the functional significance of sites of circadian neuronal remodeling in the s-LNvs.
106
By manipulating a well characterized mechanism of neuronal path finding, we have specifically prevented 107 the development of the s-LNv dorsal termini and comprehensively assessed the effects of their loss on 108 endogenous circadian timekeeping and phasing of clock output. We find that the PDF-mediated 109 timekeeping and output functions of the s-LNvs remain unchanged in the absence of these plastic terminal 110 arborizations. Rather, we find that these termini mediate sensory inputs and the proper integration of 111 time-cues from the environment. These results provide clear evidence that the sites of daily structural 112 remodeling mediate sensory input, integration, and entrainment within the circadian clock neuron network 113 and suggest that daily structural plasticity likely shapes the responses of circadian clock neurons to 114 temporal cues from the environment.
116
The expression of Unc-5 specifically prevents the formation of the s-LNv dorsal projection termini. 
169
Remarkably the s-LNvs were still able to set the evening peak of activity in the absence of their dorsal 170 termini ( Figure S4A ). 
545
We analyzed free-running activity rhythms using ClockLab software from Actimetrics (Wilmette, IL) as 546 previously described (Yao and Shafer, 2014) . In brief, rhythmicity, rhythmic power, and free-running 547 period of individual flies were analyzed using Clocklab's χ-square periodogram function implemented in 548 ClockLab, based on a confidence level of 0.01 (Sokolove and Bushell, 1978 ). For all genotypes tested, 549 significant periodicities between 14 and 34 hours were considered. For individuals that displayed more 550 than one periodicity with a peak over significance, only the highest amplitude period was used for the 551 determination of average periods displayed in Table 1 and S1. For each peak in the χ-square periodogram, 552 Clock Lab returns a "Power" value and a "Significance" value. As previously described (Pfeiffenberger et 
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Averaged individual population activity plots were constructed for the last three days of temperature 562 entrainment. The tracking of daily activity with rising environmental temperature was quantified as a 563 "Heating Index" as described previously (Yadlapalli et al., 2018) . Under the temperature conditions used 564 here, flies displayed a startle response at the onset of heating that was dwarfed by the daily peak of 565 activity that coincided with the warmest daily temperatures. To further quantify the extent to which daily 566 activity rose with increasing daily temperature, we computed the ratios of evening peak activity (beam 567 crossings between ZT 10-12) to morning peak activity (beam crossings between ZT 0-2) for days 6-8 of 568 temperature ramp entrainment. 569 570 Acknowledgments:
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